SUMMARY In order to determine the severity of contraction abnormalities in acute myocardial infarction and their response to sublingual nitroglycerin, 23 patients were studied by radionuclide angiography within 6-24 hours after the onset of chest pain. Radionuclide angiograms were obtained in the right anterior oblique projection before and after nitroglycerin and segmental shortening was determined using a hemiaxis method in the central and lateral chords of the infarcted and nonischemic zones. All 23 patients had asynergy in the zone of acute infarction. Mean hemiaxis shortening of the ischemic zone was depressed after acute myocardial infarction and improved after sublingual nitroglycerin (p < 0.001). Nonischemic zone hemiaxis shortening also improved after nitroglycerin. In another group of 16 patients with documented remote myocardial infarction (more than I year old) the response to nitroglycerin of contraction abnormalities in acute and remote myocardial infarcts was studied. Hemiaxis shortening in the zone of infarction was 14.8 ± 11.2% and did not improve after nitroglycerin. Nonischemic zone hemiaxis shortening improved with nitroglycerin from 29.9 ± 20.2% to 37.6 ± 22.8% (p < 0.02). Ejection fraction improved slightly but not significantly in both the acute and remote infarction groups after nitroglycerin.
RECENTLY interest has focused on the determination of myocardial infarct size.' Several indices of ischemic injury have been studied experimentally, including the nature and extent of contraction abnormalities after both complete and varying degrees of coronary obstruction. 2-' Radionuclide angiography has been shown to correlate well with. contrast ventriculography in detecting and quantitating regional contraction abnormalities in patients with chronic coronary heart disease5-7 and to be useful in evaluating global and segmental abnormalities in patients with acute myocardial infarction.8 9 The present study was therefore undertaken using first-pass radionuclide angiography to determine: 1) the severity of contraction abnormalities after acute myocardial infarction in man; 2) the response of these contraction abnormalities to sublingual nitroglycerin; and 3) the difference in response of contraction abnormalities associated with remote (more than 1 year old) infarction. Methods
Selection of Patients
Thirty-nine patients were studied. The acute study group comprised 23 patients admitted to the coronary care unit with an acute myocardial infarction. They all gave informed consent for radionuclide angiographic studies. Patients were diagnosed as having an acute myocardial infarction if they had significant ST elevations (> 2 mV) and then developed Q waves 2 mm deep and 0.04 second wide with concomitant elevations of MB-CK isoenzymes. Only patients who had the onset of chest pain within 24 hours (range 6-24 hours, mean 17.3 hours) before radionuclide study were included in the study. We also studied a control group of 16 patients, all of whom had a remote myocardial infarction documented by similar Q-wave criteria that were present on the ECG at least 1 year before radionuclide angiography.
Radionuclide Angiograms
Radionuclide angiograms were obtained using a computerized multicrystal scintillation camera (Baird Atomic System Seventy-seven) and a high-sensitivity, parallel-hole collimator.5' 6 An 18-gauge percutaneous intravenous catheter was placed in an antecubital vein. After administration of 200 mg of potassium perchlorate, the patient was positioned initially in either the left or right anterior oblique view, and a 12-15-mCi dose of technetium-99m pertechnetate in a volume less than 0.8 ml was rapidly administered and flushed with 10-15 ml of 5% dextrose in water to obtain a bolus injection. Counts were recorded at a framing interval of 40 or 50 msec during the first pass of the isotope. Data were recorded on computer disc for processing and magnetic tape for long term storage. After 5-10 minutes the patient was positioned in the opposite view and a background frame collected. patients with anterior infarction, the ejection fraction improved from 41. 23 Both the size and evolution of a myocardial infarction are complex and variable, depending on a variety of interrelated factors.19 Flow reduction with resultant ischemia or infarction is dependent on the extent and severity of the coronary artery lesion and the mechanism and time course of flow reduction.'9 [24] [25] [26] Other factors also may modify the rate of extent of an evolving infarction in the area of left ventricle subserved by the occluded vessel, including the functional status of the other major coronary vessels and the status of coronary collateral circulation as well as myocardial oxygen requirements.
The results of the present clinical study indicate that 6-24 hours after the symptomatic onset of acute myocardial infarction, there is a significant abnormality in hemiaxis shortening in the zone of myocardium corresponding to the ECG location of the infarct. Central hemiaxis chord shortening was reduced In addition, experimental data have demonstrated that the progression and severity of changes within the ischemic area after coronary occlusion are not uniform. 27 28 Thus, electrographic, biochemical and histopathologic parameters indicate that after coronary occlusion, the endocardium is the most severely affected area, with a temporal progression of abnormalities toward the epicardium. In addition, recent studies from our laboratory using a 50% reduction in coronary blood flow have shown that within the ischemic area, epicardial tissue can maintain active systolic shortening while the endocardium manifests evidence of systolic bulging.29 Thus, ischemic myocardium is composed of zones of myocardium that are variably affected by coronary flow reduction. The clinical findings of the present study are consistent with the experimental data indicating variable progression of ischemic damage.
An important consideration in this study is the accuracy of radionuclide angiography. Correlations performed in our own laboratory with contrast ventriculography have shown a good overall correlation for ejection fraction whether obtained in the right anterior oblique view or in left anterior oblique view.5 In addition, our own experience, as well as that of Marshall et al., has been that ejection fraction determination is repeatable.30 Assessment of wall motion using radionuclide angiography is quite accurate, as previously reported,5 although interpretation of inferior wall motion may be difficult. 5 In that study, anterior and apical zones were accurately delineated with the inferior segment asynergy detected in 13 of 17 patients. However, it remains clear that improvements in frame and count rates would further enhance delineation of wall motion and aid in detection of subtle changes from end-diastole to end-systole that are particularly important in this study. It would also be of considerable value if assessment of transmural involvement would be possible. Clearly, the limitations of this technique must be kept in mind when interpreting these data.
The response of the contraction abnormalities that result from acute myocardial infarction to sublingual nitroglycerin was unexpected in light of previous studies that demonstrated the absence of an improvement in-the contractile performance of a central ischemic zone after administration of nitroglycerin or nitroprusside to dogs subjected to coronary artery ligation. '3"15 would also explain the difference in response to nitroglycerin in patients with acute and remote in-farcts. The experimental demonstration that there is a progression of electrographic, biochemical, histologic and functional abnormalities from endocardium to epicardium as a function of time would support this conclusion. [27] [28] [29] However, changes in compliance of the zone of acute myocardial infarction may be involved. Tennant and Wiggers32 first showed bulging (an increase in compliance) of the ischemic zone of left ventricle after acute coronary occlusion, which is associated with an early increase in compliance.33 However, the duration of these compliance changes are unclear. Hood et al.34 demonstrated that increased stiffness appears in the infarcted area of animals 3-5 days after the infarct. Parmley et al.33 noted in man that paradoxical expansion was still present 3 and 6 days after infarction, Diamond and Forrester36 in a study of patients 2-24 hours after acute myocardial infarction found an increase in wall stiffness. If compliance of the infarct areas is reduced, facilitation of contraction of nonischemic myocardium that resulted from nitroglycerin administration would allow for a passive movement of otherwise nonfunctional myocardium. It has been shown experimentally that areas remote from the acute infarct exhibit depressed contraction and are, therefore, not truly normal. 37 In the present study hemiaxis shortening was reduced in the nonischemic areas5 and was improved after administration of nitroglycerin. These depressed areas may have been able to augment significantly their contraction in the early stage of the acute infarct, facilitating the passive inward movement of the infarct zone. Thus, changes in compliance of the ischemic or the normal zone during the acute phase may differ enough from that of a 1-year-old infarct so as to change their apparent responses to nitroglycerin. Also, the changes in compliance of the infarcted region or some geometrical changes in the ventricles' response to the healing process might have occurred. In view of the threedimensional nature of the images and the uncertainties mentioned above, it is not surprising that lateral and central chords showed no significant differences.
The issue of whether a change in wall motion after nitroglycerin is a nonspecific result of changes in hemodynamic parameters or is related to a true improvement in contraction of the involved segment was examined in a previous study from our laboratory. 38 We noted a similar reduction in left ventricular volume regardless of the presence of reversible or irreversible asynergy.38 In addition, in the presence of marked asynergy, ejection fraction improved only if large areas of asynergy improved.38 Thus, in patients with a lower ejection fraction and marked asynergy, ejection fraction improved only if multiple segments improved. More recently, similar findings have been reported.39 While those studies were carried out in chronic patients, segmental asynergy can probably improve without improvement in global left ventricular function as measured by ejection fraction'. The fact that ejection fraction did not significantly improve in the present study may relate to the size of the asynergic zone involved and/or the concomitant change in end-diastolic volume. Although it could be argued that it relates to measurement technique, the excellent correlation between radionuclide angiography and contrast ventriculography make this unlikely.5'
I
The observations concerning remote infarction are consistent with our previous findings that the presence of Q waves in patients with chronic coronary heart disease significantly decreases the likelihood of the asynergic zone improving after nitroglycerin.10 At the remote states of the infarct, a good correlation was found between the results of nitroglycerin contrast ventriculography and histopathologic evidence of myocardial necrosis and/or fibrosis.40 However, these findings cannot be extrapolated to acute infarction.
Further studies are important to better understand these findings. In particular, the, time course of the differential response to nitroglycerin and the effect of the degree and duration of the lowering of systemic pressure in patients with acute myocardial infarction require evaluation. Although this type of intervention will result in reduced afterload, and thus decrease oxygen demand, excessive lowering of systemic pressure could adversely affect coronary flow and myocardial perfusion, with a net negative balance between oxygen supply and myocardial demand. Thus, an appropriate degree of pressure reduction must be determined to result in optimal improvement of the ischemic zone. Perhaps most important, the effect of an intervention such as afterload reduction on the natural history of the contractile abnormalities after an acute myocardial infarction must be clarified. These studies should allow a better understanding of the mechanism and clinical importance of the observations made in the present study.
